ABSTRACT. Our previous study showed that an epitope defined by a monoclonal antibody against human urokinase is located on the 33-Kdalton catalytic domain of the enzyme (Nakamura, M. et al., Cell Struct Funct., 9, 167-179, 1984). The epitope structure was further determined and characterized on one-dimensional SDS-polyacrylamide slab gel maps of CNBrcleaved polypeptide fragments as well as on their Western blots. A single homogeneous polypeptide with an approximate molecular weight of 3.4-Kdaltons was found to be antigenic. The monoclonal antibody exhibited a stronger inhibition of the enzyme activity than the polyclonal antibodies tested, and cross-reacted with a 65-Kdalton tissue-type plasminogen activator present in Detroit 562 cells. From these results and data made up with the help of a computer comparison of known sequences of urokinase and a tissue-type plasminogen activator, we concluded that the epitope is Cys-Gln-Gly-Asp-SerGly-Gly-Pro-Leu-Val-Cys and containes a catalytically active residue, serine.
Plasminogen activators belong to a subgroup of serine-type proteases (21) . The activators occur in multiple molecular weight forms (33, 35, 36) and play a prominent physiological role in the dissolution of thrombin (17) . Among the activators, well studied ones are urokinase (7, 28) and a tissue-type activator (22) ; the molecular weights are around 54-and 65-Kdaltons, respectively. Salerno et al. (24) discovered a homogeneous mRNA of human kidney coding a single-chain pro-urokinase with an approximate molecular weight of 54-Kdaltons. Verde et al. (32) and Heyneker et al. (9) determined the full-length of nucleotide sequence of urokinase. Other lines of studies (1, 14, 19, 29, 37) suggest that the 54-Kdalton enzyme is not a degradation product of a precursor molecule, although the de novo function of the enzyme is still not well understood.
Recent studies on amino acid (7, 28) as well as nucleotide sequence (22) have made certain the molecular configuration of urokinase and the tissue-type activator and suggested that both enzymes are closely related. Of particular interest is that both have a characteristic preserved structure, kringle, which has no catalytic domain but Abbreviations used: MW, molecular weight; IgG, immunoglobulin G; SDS, sodium dodecylsulfate; PBS, phosphate buffered saline; BSA, bovine serum albumin; Kdalton, kilodalton; K1 and K2, two kringle structures present in a tissue-type plasminogen activator; FITC, fluorescein isothiocyanate; MEM, minimum essential medium. Enzyme, Urokinase (EC 3.4.21.31.) shows affinity for fibrin as plasminogen (9, 22, 27) .
Conventionally, the discrimination of both type of activators is based on the difference in their immunological properties by the use of specific antibodies (33, 35, 36) . To investigate further the functional role of enzymes which might have more stringent and distinct immunological properties, several authors (8, 11, 19, 24, 34) have produced monoclonal antibodies against urokinase. The usefulness of monoclonal antibodies for the quantification, purification, and characterization of the antigen has been described by us (19) and others (8, 34) .
The present study deals with an effort to determine the epitope structure of urokinase that a hybridoma producing monoclonal antibody defines with a help of a computer program searching for homologous amino acid residues between the two proteins. This epitope might exist within a limited sequence; its homolog is present in a similar subgroup of serine-type proteases. The cross-reactivity of our monoclonal antibody is also discussed. 
RESULTS
Sequence homology between urokinase and a tissue-type plasminogen activator. An amino acid sequence deduced from the nucleotide sequence of a full-length human tissue-type plasminogen activator (t-PA) was reported by Pennica et al. (22) . We compared this sequence with those of the A-(7) and B-chain (28) of urokinase (UK). Since the activator has two kringle structures (22) , each formed by a set of three disulfide bonds and connected by a linker sequence (indicated by arrowheads in Fig. 1 ), we tentatively termed them the K1 and K2 kringles, from the N-terminus. Fig. 1 shows the summarized amino acid alignment of these proteins with maximum match. Out of the 157 residues of the A-chain, 65 residues are identical (41 %) to residues of the first half domain. Of the 253 residues of the B-chain, 122 residues are homologous (48 %) to the second half domain of the t-PA sequence beginning at the Arg 275-Ile 276 cleavage site, which forms the two-chain molecular structure (22) . Between the two domains of homologs, there are 76 residues which form the K2 kringle in the activator; they do not match either the A or B-chain sequence of the UK.
To visualize, a homology matrix was constructed as described in MATERIALS AND METHODS. As depicted in Fig. 2 , most of the identical residues in the A-chain such as TCYE, YRG, WNS, LGLG, HNYCRNPD, and PWCYV are reiterated along the sequence in the t-PA, and these duplicates belong to the K1 and K2 kringles . 2 ). The identical residues between the two proteins are boxed in. The preserved cysteine residues that constitute kringle structures are marked by stars, and those that form intermolecular disulfide bonds are marked by closed circles. The six amino acid residues between the two kringles of the tissue-activator are indicated by arrowheads. A putative cleavage site at Arg 275-Ile 276 of the tissue-activator, the N-terminus of the B-chain, is indicated by an arrow. Asterisks mark the active sites of the enzyme. The CNBr-cleaved fragments of the B-chain are underlined and numbered beginning from the N-terminus.
Obviously, these kringles are homologous to those present in plasminogen and prothrombin (4, 27, and see ref. 30) . It is of particular interest to note here that the longest homologous segment, consisting of eleven residues (CQGDSGGPLVC) contains one enzyme-active site, the serine residue (7, 22, 28 , and see below), and that this segment is located in a fragment (No. 5) generated by CNBr-cleavage (Fig . 1,  and see below) .
Immunological identification of a CNBr-peptide combining with the antibody . Our previous study demonstrated that a hybridoma (G62) producing antibody could recognize 33-Kdalton heavy-chain polypeptide (B-chain), which is derived from 55-Kdalton whole mass, but did not bind to the 22-Kdalton polypeptide chain (A-chain) (19) . We made similar experiments on two-dimensional SDS-polyacrylamide slab gels and on their Western blots using affinity-purified antigens (Figs. 3A and 3B) . The 55-and 33-Kdalton proteins (indicated by arrows), each of which had a pI value of around 8.4, were antigenic. Thus, the results confirm that an epitope is located on the B-chain polypeptide (33-Kdaltons).
To further characterize the epitope, the 55-Kdalton antigen was utilized in CNBrcleavage experiments. As illustrated in Fig. 1 , the A and B-chain contain two and five methionine residues, respectively. Accordingly, the chemical cleavage would produce nine polypeptides. The B-chain generates six fragments with calculated molecular weight species of 8.9-, 6.1-, 3.7-, 3.0-, 3.4-, and 5.3-Kdaltons, while the A-chain gives three fragments of 8.0-, 7.2-, and 3.6-Kdaltons from each N-terminus , respectively. The binding of the monoclonal antibody to a certain polypeptide among polypeptides were detected by silver staining of the gels (Fig. 4, track a) , among which the six polypeptide species derived from the B-chain were each numbered beginning from the N-terminus on the basis of their molecular weights (see Fig. 1 ). Similar electrophoresed gels were subsequently blot-transferred to nitrocellulose sheets and an antigenic polypeptide fragment was detected by incubation with the monoclonal antibody as described in MATERIALS AND METHODS. A single homogeneous polypeptide fragment, No. 5 (3.4-Kdaltons), was revealed to be antigenic (Fig. 4, track b) . To compare with this finding, a similar blot-transferred nitrocellulose sheet was incubated with rabbit antibody to human urokinase (Fig. 4,  track c) . In contrast, multiple polypeptide species with approximate molecular weights of major 5.3-, and 3.7-Kdaltons were found to be antigenic. The experiments were repeated on two-dimensional polyacrylamide slab gel maps. A single polypeptide fragment with an approximate molecular weight of 3.4-Kdaltons and pI value of 7.2 was identified to be antigenic (data not shown), which is a similar polypeptide (No. 5) as shown in Fig. 4 (track b) . Enzyme inhibition by monoclonal antibody. We them addressed the question whether the monoclonal antibody could inhibit the enzymatic activity of urokinase. If so, it is possible that the active site of the enzyme might be occupied by the antibody, and thus this complex is inaccessible to a synthetic peptide-substrate. For comparison of the inhibitory effect, two samples of rabbit antibodies to human urokinase were used. Fig. 5 demonstrates that in the two cases, the polyclonal antibodies inhibited 20 and 70 % of the enzyme activity, respectively, as referred to a control which did not contain antibodies. The monoclonal antibody inhibited more strongly than the polyclonal antibodies; the inhibition was as high as 80 %. These results suggest that the monoclonal antibody could combine directly with an antigenic site which contains an important active site of the enzyme. Cross-reactivity of monoclonal antibody with the tissue-type plasminogen activator. Because a CNBr-cleaved fragment, a polypeptide No. 5, contained an epitope and the enzymatic activity of urokinase was inhibited by the monoclonal antibody, it was considered that the epitope might exist within a sequence containing an important active site, the serine residue. Thus, the sequence would be CQGDSGGPLVC, which is homologous to the tissue-type activator (see Fig. 1 ). Therefore, our monoclonal antibody might cross-react with a certain tissue-type activator, if it contains a similar epitope sequence as well as urokinase. We examined this possibility using Detroit 562 cells, which had shown a bright fluorescence in the cytoplasm by the FITC- an approximate molecular weight of 55-Kdal tons, was developed (19) . The epitope domain of the antigenic enzyme was estimated to occur in the 33-Kdalton polypeptide domain which is derived from the 55-Kdalton whole enzyme (see Fig. 3B ). To further characterize this epitope structure, we prepared CNBr-cleaved fragments of the enzyme and determined the antibody binding on the Western blots. Using known sequence data, we also compared the amino acid sequence of this enzyme with that of a tissue-type plasminogen activator (t-PA) assisted by a computer program. Amino acid alignment of the desired proteins (Fig. 1) shows that the CNBrcleaved fragment No. 5 contains the longest sequence homolog to the t-PA, CQGDSGGPLVC. If 6-8 amino acid residues define an epitope structure (23) , this segment can be considered as a candidate for the epitope since the antibody could cross-react with a similar antigen present in Detroit 562 cells, which had been probed by FITC-conjugated antibody (unpublished observation). The presence of 50-and 60-Kdalton plasminogen activators in Detroit cells has been reported (33) . The cells contained antigenic proteins, one of which had plasminogen activator activity with an approximate molecular weight of 65-Kdaltons (Fig. 6) , probably similar to the t-PA cited in the present study.
CNBr-fragment No. 5 was an antigenic polypeptide (Fig. 4) , indicating that the epitope sequence exists within the fragment. Because this fragment contains a segment homologous to the t-PA, as examined by the computer alignment, and it has one important active site of the enzyme, namely the serine residue (7, 22, 28) , the enzymatic activity should be strongly inhibited if the monoclonal antibody binds to this site or its proximity. We examined this possibility using purified enzyme and a chromogenic substrate (S-2444) in the enzyme assay system. A substantial inhibition was occured upon incubation with the monoclonal antibody (Fig. 5) . It was feasible to calculate the molar ratio of the bound antibody to the enzyme ; the molecular weights of the mouse IgG and that of the enzyme were assumed to be 165-and 55-Kdaltons, respectively. Thus, at the level of 50 % inhibition, the ratio was around 1, indicating that one molecule of the antibody could bind to one molecule of the enzyme. Although the enzymatic activity was not completely inhibited under the experimental conditions, this stoichiometry is enough to suggest that the monoclonal antibody combines with the active site. The polyclonal antibody, that is, anti-rabbit IgG, however, showed only 20-70 % inhibition at a molar ratio of over 40, suggesting that these antibodies mostly combine with site (s) other than the active one. Accordingly, the binding of the antibody might cause some conformational change of the enzyme, thus partially inactivating it.
From these results, the epitope defined by the monoclonal antibody is most probably a limited sequence region which has homology to the t-PA and contains a catalytically functional amino acid residue, i.e., it falls within the CQGDSGGPLVC segment.
As the epitope sequence is found to be present in other serine-type proteases such as prothrombin, plasmin, kallikrein, and trypsin (28) , it is possible that our monoclonal antibody could combine with those. The results did reveal that both the human plasminogen and bovine trypsin were definitively positive on Western blots (Fig. 7) . Human thrombin, however, showed little or a little positivity (data not shown). Thus, it seems plausible that within the epitope sequence noted above, one amino acid residue, Gln, located before the active serine residue is important in the antibody binding, since the only difference in the sequence is Glu in thrombin, instead of the Gln. This evidence might support our conclusion above. Therefore, it is important to examine the plasminogen activator activity of the antigens that antibody specifies, either by using fibrin-agar plates (Fig. 6) , or by testing the specific conversion of plasminogen to plasmin (25) .
Finally, in concurrence with the finding of the possible epitope sequence, our computer search for identical residues between the two proteins demonstrates that both UK and t-PA had a high degree of homology along their entire sequences (see Figs. 1 and 2) . Thus, the results strongly suggest that these proteins are evolutionally related (see ref. 30 ).
